CHAPTER 4. STEAM PIPING 


This chapter describes practical design and layout 
techniques for steam piping systems. Steam piping 
differs from other systems because it usually carries 
three fluids — steam, water and air. For this reason, 
steam piping design and layout require special con¬ 
sideration. 

GENERAL SYSTEM DESIGN 

Steam systems are classified according to piping 
arrangement, pressure conditions, and method of re¬ 
turning condensate to the boiler, These classifica¬ 
tions are discussed in the following par agr aphs 

PIPING ARRANGEMENT 

A one- or two-pipe arrangement is standard for 
steam piping The one-pipe system uses a single pipe 
to supply steam and to return condensate Ordi¬ 
narily, there is one connection at the heating unit 
for both supply and return Some units have two 
connections which are used as supply and return 
connections to the common pipe 

A two-pipe steam system is more commonly used 
in air conditioning, heating, and ventilating appli¬ 
cations. This system has one pipe to carry the steam 
supply and another to return condensate. In a two- 
pipe system, the heating units have separate con¬ 
nections for supply and return 

The piping arrangements are further classified 
with respect to condensate return connections to the 
boiler and direction of flow in the risers: 

1. Condensate return to boiler 

a Dry-return — condensate enters boiler above 
water line. 

b. Wet-return — condensate enters boiler be¬ 
low water line 

2. Steam flow in riser 

a Up-feed — steam flows up riser 
b Down-feed — steam flows down riser. 

PRESSURE CONDITIONS 

Steam piping systems are normally divided into 
five classifications — high pressure, medium pressure, 
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low pressure, vapor and vacuum systems Pressure 
ranges for the five systems are: 

1 High pressure — 100 psig and above 

2 Medium pr essure — 15 to 100 psig 

3 Low pressure — 0 to 15 psig 

4 Vapor — vacuum to 15 psig 

5. Vacuum — vacuum to 15 psig 

Vapor and vacuum systems are identical except 
that a vapor system does not have a vacuum pump, 
but a vacuum system does 

CONDENSATE RETURN 

The type of condensate return piping from the 
heating units to the boiler further identifies the 
steam piping system. Two arrangements, gravity 
and mechanical return, are in common use. 

When all the units are located above the boiler 
or condensate receiver water line, the system is de¬ 
scribed as a gravity return since the condensate re¬ 
turns to the boiler by gravity 

If traps or pumps are used to aid the return of 
condensate to the boiler, the system is classified as a 
mechanical return system; The vacuum return 
pump, condensate return pump and boiler return 
trap are devices used for mechanically returning 
condensate to the boiler, 

CODES AND REGULATIONS 

All applicable codes and regulations should be 
checked to determine acceptable piping practice for 
the particular application, These codes usually dic¬ 
tate piping design, limit the steam pressure, or 
qualify the selection of equipment 

WATER CONDITIONING 

The formation of scale and sludge deposits on the 
boiler heating surfaces creates a problem in gener ¬ 
ating steam. Scale formation is intensified since 
scale-forming salts increase with an increase in tem¬ 
perature 

Water conditioning in a steam generating system 
should be under the supervision of a specialist. 
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TABLE 22 -RECOMMENDED HANGER 
SPACINGS FOR STEEL PIPE 


' dr NOM; A 
PIPE SIZE 

: DISTANCE BETWEEN SUPPORTS (FT) 

Average Gradient 

•d/d. (•"-) : v 

1" in 10' 

Vl" in 10' 

/a" in 10' 

■ . ...d ' 

tv •■' 9 vd 

— 

— 


13 ' 

6 

— 

vdddl’/G.: 

16:..'-; 

10 

5 

04 

■•':d 19 

-v 14 

8 

••'ddd 2d: ■ 

•': "} 21 

17 

13 

2Vz 

/-•V 24 

19 

15 

•Avfel : . ; 

V 27 i-,.- 

22 

18 

•ddd 3W 

■v,:-r 29. 

24 

19 

f-©®4.-4 V- 'V- 

■ 32 V* 

- - 26 

20 

ddS,. 5 Id: 

.d A 37 - 

, r 29 

23 

6d:. ..• 


. • v 33 

25 

sd,". ■; “v 


•d-"-' 38 

30 



vd 43 

33 

.. vd 12: . .■ 



37 

14 

f .*.*:* 7' r?. if 

50. • 

40 

16 


dd,- 53 ■ 

T 42 

mm-F 

■d'ddd-'d d 

A'&Z? 60 A/ 

d A 44 : , 

idhi 47 . 

- • Z.' 1 

, '. 24. ? 



S^50^ * 


NOTE: Data is based on standard wall pipe filled with water and 


average number of fittings Courtesy of Crane Co 

PIPING SUPPORTS 

All steam piping is pitched to facilitate the flow 
o£ condensate. Table 22 contains the recommended 
support spacing for piping pitched for different gra¬ 
dients. The data is based on Schedule 40 pipe filled 
with water, and an average amount of valves and 
fittings. 

PIPING DESIGN 

A steam system operating for air conditioning 
comfort conditions must distribute steam at all oper¬ 
ating loads, These loads can be in excess of design 
load, such as early morning warmup, and at extreme 



Fig.. 90 — One-Pipe, Upfeed Gravity System 


partial load, when only a minimum of heat is neces¬ 
sary. The pipe size to transmit the steam for a de¬ 
sign load depends on the following: 

1 The initial operating pressure and the allow¬ 
able pressure drop thru the system 

2 The total equivalent length of pipe in the 
longest run 

3 Whether the condensate flow's in the same 
direction as the steam or in the opposite direc¬ 
tion 

The major steam piping systems used in air con¬ 
ditioning applications are classified by a combina¬ 
tion of piping arrangement and pressure conditions 
as follows: 

1.. Two-pipe high pressure 

2.. Two-pipe medium pressure 

3, Two-pipe low pressure 

4. Two-pipe vapor 

5 Two-pipe vacuum 

6 One-pipe low pressure 

ONE-PIPE SYSTEM 

A one-pipe gravity system is primarily used on 
residences and small commercial establishments.. 
Fig. 90 shows a one-pipe, upfeed gravity system.. The 
steam supply main rises from the boiler to a high 
point and is pitched downward from this point 
around the extremities of the basement It is nor¬ 
mally run full size to the last take-off and is then 
reduced in size after it drops down below the boiler 
water line This arrangement is called a wet return 
If the return main is above the boiler water line, 
it is called a dry return Automatic air vents are re¬ 
quired at all high points in the system to remove 
non-condensable gases In systems that require long 
mains, it is necessary to check the pressure drop and 
make sure the last heating unit is sufficiently above 
the w'ater line to prevent water backing up from the 
boiler and flooding the main During operation, 
steam and condensate flow in the same direction in 
the mains, and in opposite direction in branches and 
risers This system requires larger pipe and valves 
than any other system 

The one-pipe gravity system can also be designed 
as shown in Fig 91, with each riser dripped sepa¬ 
rately.. This is frequently done on more extensive 
systems 

Another type of one-pipe gravity system is the 
down-feed arrangement shown in Fig 92 Steam 
flows in the main riser from the boiler to the build¬ 
ing attic and is then distributed throughout the 
building 
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CHART 27-VELOCITY CONVERSION* 



PIPE SIZING 

. GENERAL 

Charts and tables have been developed which are 
used to select the proper pipe to carry the required 
steam rate at various pressures 

Chart 26 is a universal chart for steam pressure of 
0 to 200 psig and for a steam rate of from 5 to 100,000 
pounds per hour. However, the velocity as read 
fr om the chart is based on a steam pressure of 0 psig 
and must be corrected for the desired pressure from 
Chart 27 The complete chart is based on the Moody 
friction factor and is valid where condensate and 
steam flow in the same direction.. 

7 ablet 23 thru 28 are used for quick selection at 
specific steam pressures.. Chart 26 has been used to 
tabulate the capacities shown in Tablet 23 thru 25.. 
The capacities in Tables 26 thru 28 are the results 
of tests conducted in the ASHAE laboratories.. Sug¬ 
gested limitations for the use of these tables are 
shown as notes on each table. In addition, Table 28 
shows the total pr essure drop for two-pipe low pres¬ 
sure steam systems 


RECOMMENDATIONS 

The following recommendations are for use when 
sizing pipe for the various systems: 

Two-Pipe High Pressure System 

This system is used mostly in plants and occa¬ 
sionally in commercial installations.. 

1 Size supply main and riser for a maximum drop 
of 25-30 psi 

2 Size supply main and risers for a maximum 
friction rate of 2-10 psi per 100 ft of equivalent 
pipe 

3 Size return main and riser for a maximum pres¬ 
sure dr op of 20 psi 

4 Size return main and riser for a maximum fric¬ 
tion rate of 2 psi per 100 ft of equivalent pipe 

5 Pitch supply mains y A in per 10 ft away from 
boiler.. 

6 Pitch return mains y A in per 10 ft toward the 
boiler. 

7.. Size pipe from Table 23. 

Two-Pipe Medium Pressure System 

This system is used mostly in plants and occa¬ 
sionally in commercial installations 

1. Size supply main and riser for a maximum 
pressure drop of 5-10 psi 

2 Size supply mains and risers for a maximum 
friction rate of 2 psi per 100 ft of equivalent 
pipe. 

3.. Size return main and r iser for a maximum pres¬ 
sure drop of 5 psi, 

4. Size return main and riser for a maximum 
friction rate of 1 psi per 100 ft of equivalent 
pipe 

5. Pitch supply mains y 4 in per 10 ft away from 
the boiler. 

6 Pitch return mains y 4 in per 10 ft toward the 
boiler.. 

7.. Size pipe from Table 24.. 

Two-Pipe Low Pressure System 

This system is used for commercial, air condition¬ 
ing, heating and ventilating installations. 

1 Size supply main and risers for a maximum 
pressure drop determined from Table 28, de¬ 
pending on the initial system pressure.. 

2. Size supply main and riser- for a maximum fric¬ 
tion rate of 2 psi per 100 ft of equivalent pipe 

3. Size return main and riser- for a maximum 
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TABLE 23-HIGH PRESSURE SYSTEM PIPE CAPACITIES (150 psig) 

Pounds Per Hour 
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pressure drop determined from Table 28, de¬ 
pending on the initial system pressure. 

4. Size return main and riser for a maximum fric¬ 
tion rate of i/ 2 psi per 100 ft of equivalent pipe. 

5 Pitch mains y 4 - in., per 10 ft away from the 
boiler. 

6 Pitch return mains ]4 in per 10 ft toward the 
boiler, 

7 Use Tables 25 thru 21 to size pipe. 

Two-Pipe Vapor System 

This system is used in commercial and residential 
installations 

L Size supply main and riser for a maximum 
pr essur e dr op of - y$ psi . 

2 Size supply main and riser for' a maximum 
friction rate of l / 16 - y 8 psi per 100 ft of equiva¬ 
lent pipe, 

S Size return main and supply for a maximum 
pressure drop of y 16 •• y s psi. 

4 Size return main and supply for a maximum 
friction rate of y lQ - y s psi per 100 ft of equiva¬ 
lent pipe, 

5. Pitch supply y 4 in per 10 ft away from the 
boiler.. 


6. Pitch return mains y 4 in. per 10 ft toward the 
boiler 

7.. Size pipe from Tables 25 thru 27 . 

Two-Pipe Vacuum System 

This system is used in commercial installations. 

1, Size supply main and riser for a maximum 
pressure drop of y% 1 psi, 

2 Size supply main and riser for a maximum fric¬ 
tion rate of i/ 8 - y 2 psi per 100 ft of equivalent 
pipe 

3 Size return main and riser for a maximum pr es¬ 
sure drop of /$ -1 psi 

4. Size return main and riser for a maximum fric¬ 
tion rate of i/ 8 -i/ 2 P si P ei 100 ft of equivalent 
pipe 

5 Pitch supply mains y 4 in. per 10 ft away from 
the boiler 

6. Pitch return mains 14 in. per 10 ft toward the 
boiler 

7 Size pipe from Tables 25 thru 27 

One-Pipe Low Pressure System 

This system is used on small commercial and 
residential systems, 
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TABLE 24 -MEDIUM PRESSURE SYSTEM PIPE CAPACITIES (30 psig) 

Pounds Per Hour 


PIPE SIZE 
(in.) 
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1. Size supply main and riser for- a maximum 
pressure drop of 14 psi. 

2. Size supply main and risers for a maximum 
friction rate of y 6 psi per 100 ft of equivalent 
pipe. 

3. Size return main and risers for a maximum 
pressure drop of 14 psi 


4 Size return main and risers for- a maximum 
friction rate of y i6 psi per 100 ft of equivalent 
pipe 

5 Pitch supply main 14 in per 10 ft away from 
the boiler. 

6 Pitch return main in per 10 ft toward the 
boiler, 


TABLE 25 — LOW PRESSURE SYSTEM PIPE CAPACITIES 

Pounds Per Hour 


CONDENSATE FLOWING WITH THE STEAM FLOW 
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PRESSURE DROP PER 1 
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>4,900 

5 

1,200 

1,430 

1,680 

2,100 

2,440 
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12 
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*The weight-flow rotes at 3 .5 psig can be used to cover sat press from 1 to 6 psig, and the rates at 12 psig can be used to cover sat. press from 
8 to 16 psig with an error not exceeding 8 percent. 
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TABLE 26-RETURN MAIN AND RISER CAPACITIES FOR LOW PRESSURE STEAM SYSTEMS- 

POUNDS PER HOUR 



| 







PRESSURE DROP PER' 

100 FT. 









■ • • 


















/size 

: 1/32 pti (1/2 ©z) 

|- - 1/24 psi (2/3 ox) 

] -1/16 pti (1 oz) 

| . 1/8 pti (2 oz) 

| 1/4 pti (4 oz) 


1/2 pti (8 ox) 

/ (in .) 

Wet 

Dry 

Vac 

| Wet 

- Dry 

923 

| Wet 

| ■ Dry 

Vac 

|. Wet 

1 Dry 

| Vac 

Wet 

Dry 

| Vac 

Wet* 

j Dry 

j Vac ■ 









- RETURN MAINS 












mm 

• -r r; 


: 42 



100 



r i42 



' 200 

H3B 


283 


•%125 

A 62 

Wm 

H 45 

71 

■5 143 

175 

80 

175 

250 

103 

249 

350 

115 

350 

IHn 

120 

, 494 


V|s- : 213 

£ 130 

Hi 

•v: 248 

149 

4 244 

■U 300 

168 

300 

425 

■z 217 

■* 426 

600 

241 

600 


255 

848 

|iTv£’ 

'.%■ 338 

W- 206 

111 

:fi 393 

236 

■ t 388 

^475 

265 

475 

675 

340 

674 

950 

378 

• 950 


385 

1,340 


*7 700 

470 

SH 

f/ 810 

. 535 

•: 815 

1,000 

A 575 

1,000 

1,400 

■: 740 

1,420 

2,000 

825 

2,000 


830 

2 830 

•S 1,180 

A 760 

Wm 

- 1480 

868 

1,360 

1 680 

- 950 

1,680 

Will 

1,230 

2,380 

3,350 

1 360 

3,350 


1,410 

4,730 

k 3 V-'- - 

fi. 1,880 

1,460 

I** 

- 2,130 

1,560 

2,180 

2,680 

1,750 

2,680 


2,250 

3,800 

5,350 

2,500 

5,350 


2,585 

7,560 

V? 3Vz 

?; 2,750 

1,970 


1 3 300 

2,200 

- 3,250 

• 4,000 

2,500 

4,000 

5,500 

3,230 

5 680 

8,000 

3,580 

8,000 

OKMI 


11,300 

£ 4%C 

It 3,880 

2,930 


4,580 

3,350 

4,500 

: 5,500 

3,750 

5,500 

7,750 

4,830 


11,000 

5,380 

11,000 



15,500 

$ : s'M 

f; '6,090 

4,600 


7,880 


7,880 

9,680 

5,870 

9,680 



13,700 

19,400 

8.420 

19,400 



27 300 


8,820 

6,670 


12 600 


12,600 

15,500 

8,540 

15500 

22,000 

10,990 

22,000 

31.000 

12,200 

31,000 


jBES 

43,800 

1 6$ 

i 15,200 

11,480 

*T.tV 

21,700 

13,120 

21,700 

26,700 

14,700 

26,700 

37,900 

18,900 

37,900 

53,400 

22.800 

53,400 



75 500 

Tcm 

J 24,000 

18,100 


34,300 

20,800 

34,300 

42,200 

23,200 

42,200 

59,900 

29,800 

59,900 

84,400 

33,300 

84,400 


S£Stiii 

114,400 




T RETURN RISERS , 

TV: 


:■&”£ V 








7048 


mm 

.7748 

w 113 

•tA;* z 

I# 48 

#1175 

‘-^A-«V 4 7. 

'-t| 48 

#249 


.: 1 48 

350 


• ""I 48 

494 



#113 


ill 

i'll 3 

■'T 244 


#113 

Sara 


1 13 

•b 426 


/' 113 

PSflT-M'i 

T;-:.-1:'-' 

113 

848 


248 


m 

248 

e-i- 386 


246 

475 


-248 

r o74 

•T:: " 

# 243 

950 




. 2 Vi 

iilt 

MV.375. 

t- 750 


Wm 

375 
v 750 



.7 375 
A 750 

1,000 

1,680 


375 
f¥ 750 

1,420 

2,380 


A 375 
W- 750 

2,000 

3,350 


375 

.750 

: 2,830 

V 4,730 

m 

1,230 



mm 



1 230 

2,680 


1 230 

3,800 

.r 

1,230 

, 5,350 

• l •-#/. 

1,230 

7,560 

,J?W 

2,250 


mm 

2,250 

3,250 

■ ■' . 

2,250 

4,000 

A-'K-Js 

2,250 

5,680 


• 2,250 

8,000 


2,250 

11,300 : 

if 3 Mi' 


. 3,230 


* x . 

3,230 

4.430 


3,230 

E£Ei] 



7,810 


3,230 

11,000 


3,230 

15,500 

WaW 

mm- 

•4,830 



4 830 

7,880 


4,830 

9,680 

^ > &§£ 


13,700 


S 4 830 

19,400 

:J-klK 

4 830 

27,300 


Apf 

7,560 

Sp! 


7 t 560 

12,600 


-7,560 

15,500 


7,560 

22,000 


7,560 

31,000 


7,560 

43,800 

1# 

,0 

Kti-v 


10,990 



10,990 

21,700 


10,990 

26,700 


10,990 

37,900 


10,990 

53 400 

T - 

10,990 

75,500 

ftttt 

18,900 

km 


18,900 

34,300 

: T#;" 

18,900 

42,200 


18,900 

59,900 


18,900 

84,400 


18.900 

114,400 


29,800 

W£: 


29,800 

?4& 

;v-s- 

29,800 



29,800 



29,800 



29,800 



•Vac valuet may be uied for wet return mains 

7„ Size supply main and dripped runouts from 
Table 25 

TABLE 27-LOW PRESSURE SYSTEM 
PIPE CAPACITIES 

Pounds Per Hour 


CONDENSATE FLOWING AGAINST STEAM FLOW 




TWO-PIPE SYSTEM 

# ONE 

-PIPE SYSTEM 

i'M p l pE sl 




Up-feed 

Vertical 

Riser 



Vertical 

Horizontal 

Supply 

Con- 

Run - 

/;jk- (in.).Af- 

■* 



. Riters 

nectors 

outs 

Zifij A ; Mk' 

B* 

ct- 

Ti D*K 

' #-E: r; 

F -W: 

% - 


8 ’ 



’ 

7 

i 


14 

AKi# 9 

S 11 V 

7 - 

7 

M i'A - 


- 31. 

Va7:: ; 19 

>.* 20 7 . 

i-s16,*. 

-16 : 

VA 


48 

' 27 

■ 38 • 

- 23 

16 

fiBf 


' 97 


72' 

' 42 ' 

xf. 23 ; 

^#214 AC 


-n 159 # 

99/ 

#11^ 


A 

• 3 - 

" ‘ 3/2-: 

iT 

r282-r 
-5& 387# 

■ 175 

.##;-:288z: 

r 200 .- 
i 286# 


#65:^ 

' 119 ; A 

/a mm 


425r 

y 380 /- 


186- 



: : l,05Q;if 

788--1 

i! -£- 


278 

IM 


V 1,800# 

>^X- Y 1,400: ■ 


— A. 

545- 

•r 8 r ^ 


3,750.--; 

3,000- ' 

M- — **-: 


- 

A 10' TTr 


7,000 7 

■m-5700 

: '• — . 

— 

— 

. 12 ft A 


11,500 

A;'. 9,500 - 

■ 

— 

— 

16 : -Ai 


22,000 

-A 19 , 000 :: 


— - 

— 


*Do not use Column B for pressure drops less than Vii psi/100 ft of 
equivalent length Use Chart 26, page 84. 


"{"Pitch of horizontal runouts to riser should be not less than V4 in/ft. 
Where this pitch cannot be obtained, runouts over 8 ft in length should 
be one pipe size larger than called for in this table. 

J Do not use Column D for pressure drops less than 1/24 psi/100 ft of 
equivalent run except on sizes 3 in and larger. Use Chart 26, page 84 

From Heating Ventilating Air Conditioning Guide 1959 
Used by permission. 


8 Size undripped runouts from Table 27, Col¬ 
umn F. 

9 Size upfeed risers from Table 27, Column D 
10 Size downfeed supply risers from Table 25. 
11.. Pitch supply mains 14 in per 10 ft away from 

boiler.. 

12 Pitch return mains 14 in, per 10 ft toward 
the boiler . 

Use of Table 28 

Example 1 — Determine Pressure Drop for Sizing Supply 
and Return Piping 

Given: 

Two-pipe low pressure steam system 
Initial steam pressure — 15 psig 

Approximate supply piping equivalent length — 500 ft 
Approximate return piping equivalent length — 500 ft 
Find: 

1 Pressure drop to size supply piping 

2 Pressure drop to size return piping 
Solution: 

1 Refer to Table 28 for an initial steam pressure of 15 
psig. The total pressure drop should not exceed 3 75 psi 
in the supply pipe Therefore, the supply piping is sized 
for a total pressure drop of 3 75 or 3/4 psi per 100 ft of 
equivalent pipe 

2 Although 3/ psi is indicated in Step I, Item 4 under the 
two-pipe low pressure system recommends a maximum 
of V 2 psi Tor return piping Therefore, use 14 psi per 100 
ft of equivalent pipe 

500 „ . 

Return main pressure drop = 1 # X = 2 5 psr 




























































































CHAPTER 4. STEAM PIPING 


3-S9 


Friction Rate 

Example 2 illustrates the method used to deter¬ 
mine the friction rate for sizing pipe when the total 
system pressure drop recommendation (supply pres¬ 
sure drop plus return pressure drop) is known and 
the approximate equivalent length is known. 

Example 2 — Determine Friction Rate 
Given: 

Four systems 

Equivalent length of each system - 400 ft 

Total pressure drop of systems — \/, y 4 , 1, and 2 psi 

Find: 

Friction rate for each system 
Solution: 



SYSTEM 

TOTAL r.-: 

FRICTION 

SYSTEM 

EQUIV. 

SYSTEM 

rate 

NUMBER 

LENGTH 

PRESS. 

FOR PIPE 



DROP if- 

s ^SIZING - 


(ft) 

-(psi) "• 

4\ : (per 100 ft) 

1 

400 

- A Vi f .p. 

(400/100) (x) = I/O 



• f* • 

■PtkAV *=Vs 

2 

400 

' i-fhl 

(400/100) (x) = 3^ ; 




> 

3 

400 

l . U 

(400/100) (x)= 1 V 

P’ 

‘ """.hik -■-< 

4°° ; 


' : 

(4o6/iob) (x) = 2 




•v^^.x .= i / 2 


Use of Charts 26 and 27 

Example 3 — Determine S team Supply Main and Final 
Velocity 

Given: 

Friction rate - 2 psi per 100 ft of equivalent pipe 
Initial steam pressure — 100 psig 
Flow rate — 6750 lb/hr 


TABLE 28-TOTAL PRESSURE DROP FOR 
TWO-PIPE LOW PRESSURE STEAM PIPING 
SYSTEMS 


INITIAL -;i 
5TEAM 
PRESSURE 

TOTAL 

PRESSURE DROP 

IN 

SUPPLY PIPING 

(p*>) 

TOTAL 

PRESSURE DROP 
; IN 

RETURN PIPING 
- '- (P*'0 - 

‘ ° <'2 

5 ' r' 

JO 
• 15 

: . 20 

■ % -V • -k:^* 

-4 y* 

r . 2 % ' 

• 3% . . : 

ts - 5 

'A: .kk- 

• 1 Va : 


Find: 

I Size of largest pipe not exceeding design friction ratv 

2.. Steam velocity in pipe 

Solution: 

1 Enter bottom of Chart 26 at 6750 lb/hr and proceed ver¬ 
tically to the 100 psig line (dotted line in Chart 26) Then 
move obliquely to the 0 psig line From this point pro¬ 
ceed vertically up the chart to the smallest pipe size not 
exceeding 2 psi per 100 ft of equivalent pipe and read 
3 i/t, in 

2 The velocity of steam at 0 psig as read from Chart 26 is 
16 000 fpm Enter the left side of Chart 27 at 16,000 fpm 
Proceed obliquely downward to the 100 psig line and 
horizontally across to the right side of the chart (dotted 
line in Chart 27) The velocity at 100 psig is 6100 fpm 

Example 4 illustrates a design problem for' sizing 
pipe on a low pressure, vacuum return system 

Example 4 — Sizing Pipe for a Low Pressure, Vacuum 
Return System 

Given: 

Six units 

Steam requirement per unit — 72 lb/hr 
layout as illustrated in Figs 96 thru 98 
Threaded pipe and fittings 
I.ow pressure system - 2 psi 



Tig 


96 — low Pressure Steam Supply Main 
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Tig, 97 — Low Pressure Runout and Riser 


Find: 

Size of pipe and total pressure drop 

Note: Total pressure drop in the system should never 
exceed one-half the initial pressure A reasonably small 
drop is required for quiet operation 

Solution: 

Determine the design friction rate by totaling the pipe 
length and adding 50% of the length for fittings: 

115 + 11 + 133 = 259 
259 X . 50 = 130 

389 ft equiv length 

Check pipe sizing recommendations for maximum friction 
rate from "Two-Pipe Vacuum System ” Item 2, \Z 6 -i/ 2 P s > 
Check Table 28 to determine recommended maximum pres¬ 
sure drop for the supply and return mains (]/ 2 psi for each) 
Design friction rate = 1/3 89 X (1/2 4- 1/2) = 1 /4 psi per 100 
ft The supply main is sized by starting at the last unit *‘G” 
and adding each additional load from unit ' G" to the 
boiler; use Table 25 The following tabulation results: 


SECTION 

STEAM TOAD 
(lb/hr) 

PIPE SIZE 
(in) 

F •• G 

72 

"A 

E -F 

144 

2 

D-E 

216 

2 

C D 

288 

2 i/ 2 

B -C 

360 

2 i/ 2 

A -B 

432 

3 


Convert the supply main fittings to equivalent lengths of 
pipe and add to the actual pipe length, Table 11, page 17 

Equivalent pipe lengths 


1 1«4 in side outlet tee 

70 

2 - 114 in ells 

46 

1-2 in. reducing tee 

47 

I - 2 in run of tee 

33 

2-2 in ells 

6.6 

I -2 1/2 in. reducing tee 

56 

2 - 2]/ 2 in. run of tee 

4.1 

1 • 2!/ 2 in ell 

6.0 

2-3 in. ells 

15 0 

1-3 in. reducing tee 

7 0 

Actual pipe length 

1150 

Total equivalent length 

172 6: 


Pressure drop for the supply main is equal to the equiva¬ 
lent length times pressure drop per 100 ft: 

172.6 X 25/100 = 43 psi 

This is within the recommended maximum pressure drop 
(1 psi) for the supply 

The branch connection for Fig 97 is sized in a similar man¬ 
ner at the same friction rate 

From Table 27 the horizontal runout pipe size for a load 
of 72 lb is 2i/£ in and the vertical riser size is 2 in 
Convert all the fittings to equivalent pipe lengths, and add 
to the actual pipe length 


Equivalent pipe lengths 

1 - 2/ z in 45° ell 3 2 

1 - 2i/ 2 in 90° ell 4 1 

1 - 2 in 90' eil 3 3 

1 - 2 in gate valve 2 3 

Actual pipe length 11.0 

T otal equivalent length 23.9 ft 


Pressure drop for branch runout and riser is 
23 9 X 25/100 = .060 psi 

The vacuum return main is sized from Table 26 by starting 
at the last unit “G" and adding each additional load be¬ 
tween unit “G” and the boiler 
Each riser — 72 lb per hr, s/ in.. 


SECTION 

STEAM LOAD 
(lb/hr) 

PIPE SIZE 
(in) 

F ~G 

72 

3 / 4 

E -F 

144 

s / 4 

D-E 

216 

1 

C -D 

288 

1 

B C 

360 

"A 

A-B 

432 



Convert the return main fittings to equivalent pipe lengths 
and add to the actual pipe length, T able 11, page 17 


Equivalent pipe lengths 


I - ^ in. run of tee 

14 

5 - 3/4 in 90° ells 

7.0 

I - 1 in. reducing tee 

23 

1 - 1 in run of tee 

1.7 

2 -1 in 90° ells 

34 

1 - 114 in reducing tee 

31 

3 -1 14 in. 90° ells 

69 

1 - I 14 in. run of tee 

23 

Actual pipe length 

133.0 

Total equivalent length 

161 1 ft 

Pressure drop for the return equals 


161 1 X 25/100= 404 psi 


Total return pressure drop is satisfactory since 

it is within 

the recommended maximum pressure drop ( i/ & — 

• 1 psi) listed 

in the two pipe vacuum return system The 
pressure drop is equal to 

total system 

430 + 060 + 404 = 894 psi 


This total system pressure drop is within the maximum 2 psi 
recommended (1 psi for supply and 1 psi for return). 
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Fig 98 •— Low Pressure Vacuum Return 


PIPING APPLICATION 

The use and selection of steam traps, and con¬ 
densate and vacuum return pumps are presented 
in this section 

Also, various steam piping diagrams are illus¬ 
trated to familiarize the engineer with accepted 
piping practice, 

STEAM TRAP SELECTION 

The primary function of a steam trap is to hold 
steam in a heating apparatus or piping system and 
allow condensate and air to pass The steam remains 
trapped until it gives up its latent heat and changes 
to condensate The steam trap size depends on the 
following: 

1 Amount of condensate to be handled by the 
trap, lb/hr. 

2, Pressure differential between inlet and dis¬ 
charge at the trap, 

3, Safety factor used to select the trap 
Amount of Condensate 

The amount of condensate depends on whether 
the trap is used for steam mains or risers, or for the 
heating apparatus. 

The selection of the trap for the steam mains or 
risers is dependent on the pipe warm-up load and 
the radiation load from the pipe. Warm-up load is 
the condensate which is formed by heating the pipe 
surface when the steam is first turned on. For prac¬ 
tical purposes the final temperature of the pipe is 
the steam temperature. Warm-up load is deter¬ 
mined from the following equation: 

r - W x (*/- U) X .114 
J h,x T 


where: 

C, = Warm-up condensate, lb/hr 
W = Total weight of pipe, lb (Tables 2 and 3 } 
pages 2 and 3) 

t f = Final pipe temperature, F (steam temp) 
tt - Initial pipe temperature, F (usually room 
temp) 

114 = Specific heat constant for wr ought iron or 
steel pipe ( 092 for copper tubing) 
hi — Latent heat of steam, Btu/lb (from steam 
tables) 

T = Time for warm-up, hr 

The radiation load is the condensate formed by 
unavoidable radiation loss from a bare pipe This 
load is determined from the following equation and 
is based on still air surrounding the steam main or 
riser: 

r _ Lx Kx (t f - t { ) 
hi 

where: 

C, = Radiation condensate, lb/hr 

L = Linear length of pipe, ft 

K = Heat transmission coefficient, Btu/(hr) 
(linear ft) (deg F diff between pipe and 
surrounding air), Table 54, Part 1 

tf, t it h r explained previously 

The radiation load builds up as the warm-up 
load drops off under normal operating conditions. 
The peak occurs at the mid-point of the warm-up 
cycle. Therefore, one-half of the radiation load is 
added to the warm up load to determine the amount 
of condensate that the trap handles. 
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Pressure Differential 

The pressure differential across the trap is deter¬ 
mined at design conditions If a vacuum exists on 
the discharge side of the trap, the vacuum is added to 
the inlet side pressure to determine the differential, 

Safety Factor 

Good design practice dictates the use of safety 
factors in steam trap selection Safety factors from 
2 to 1 to as high as 8 to 1 may be required, and for 
the following r easons: 

1 The steam pressure at the trap inlet or the 
back pressure at the trap discharge may vary 
This changes the steam trap capacity 

2;. If the trap is sized for normal operating load, 
condensate may back up into the steam lines 
or apparatus during start-up or warm-up opera¬ 
tion 


3, If the steam trap is selected to discharge a full 
and continuous stream of water, the air could 
not be vented from the system 
The following guide is used to determine the 
safety factor: 



When the steam trap is to be used in a high pres¬ 
sure system, determine whether' or not the system 
is to operate under low pressure conditions at cer¬ 
tain intervals such as night time or weekends If this 
condition is likely to occur, then an additional 
safety factor should be considered to account for 
the lower pressure drop available during night time 
operation 

Example 5 illustrates the three concepts men¬ 
tioned previously in trap selection—condensate han¬ 
dled, pressure differential and safety factor 


Example 5 — Steam Trap Selection for Dripping Supply 
Main to Return Line 

Given: 

Steam main — 10 in diam steel pipe, 50 ft long 
Steam pressure — 5 psig (227 F) 

Room temperature — 70 F db (steam main in space) 
Warm-up time — 15 minutes 
Steam trap to drip main into vacuum return line 
(2 in vacuum gage design) 


Find: 

1 Warm-up load 

2 Radiation load 

5 Total condensate load 

4 Specifications for steam trap at end of supply main 
Solution: 

1 The warm up load is determined from the following 
equation: 

W X (t - t.) X .114 
C i = ~~ h^X~T 

where: W - 40 48 Ib/ft X 50 ft (Table 2) 
tj — 227 F 
t.~ 70 F 

h l = 960 Btu/lb (from steam tables) 

T - .25 hr 

2024 X (227 - 70) X 114 
C J = ~~~ 960 X .25 

= 150 lb/hr Of condensate 

2 The radiation load is calculated by using the following 
equation: 

LXK X(t f - t) 

c ‘ =-*T- 

where: L = 50 ft 

K = 641 Btu/(hr) (linear foot) 

(deg F diff between pipe and air) 
from Table 54, Part J 
t f = 227 F 
t.= 70 F 

/q = 960 Btu/lb (from steam tables) 

50 X 6.41 X (227 - 70) 

C z “ 960 

= 52 lb/hr of condensate 

3 The total condensate load fox steam trap selection is 
equal to the warm-up load plus one half the radiation 
load 

Total condensate load = C 1 + (/ X C 2 ) 

= 150 + (i/ 2 X 52) 

= 176 lb/hr 

4 Steam trap selection is dependent on three factors: cor 
densate handled, safety factor applied to total condensate 
load, and pressure differential across the steam trap, 

The safety factor for a steam trap at the end of the main 
is 3 to 1 from the table on this page. Applying the 3 to 1 
safety factor to the total condensate load, the steam trap 
would be specified to handle 3 X 176 or 528 lb/hr of 
condensate 

The pressure differential across the steam trap is deter¬ 
mined by the pressure at the inlet and discharge of the 
steam trap 

Inlet to trap =5 psig 
Discharge of trap = 2 in. vacuum (gage) 

When the discharge is under vacuum conditions the 
discharge vacuum is added to the inlet pressure for the 
total pressure differential 
Pressure differential = 6 psi (approx) 

Therefore the steam trap is selected for a differential 
pressure of 6 psi and 528 lb/hr of condensate 
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Fig 99 —Float Trap 


STEAM TRAP TYPES 

The types of traps commonly used in steam sys¬ 
tems are: 

Float Flash 

Thermostatic Impulse 

Float & thermostatic Lifting 
Upright bucket Boiler return or 

Inver ted bucket alternating receiver 

The description and use of these various traps 
are presented in the following pages 

Float Trap 

The discharge from the float trap is generally con¬ 
tinuous. This type (Fig 99) is used for draining con¬ 
densate from steam headers, steam heating coils, 
and other similar equipment. When a float trap is 
used for draining a low pressure steam system, it 
should be equipped with a thermostatic air vent, 

Thermostatic Trap 

The discharge from this type of trap is inter¬ 
mittent Thermostatic traps are used to drain con¬ 
densate from radiators, convectors, steam heating 
coils, unit heaters and other similar equipment 
Strainers are normally installed on the inlet side of 
the steam trap to prevent dirt and pipe scale from 



Fig 101 — Thermostatic Trap, Disc Type 


entering the trap On traps used for radiators or 
convectors, the strainer is usually omitted Fig 100 
shows a typical thermostatic trap of the bellows type 
and Fig 101 illustrates a disc type ther mostatic trap 

When a thermostatic trap is used for a heating 
apparatus, at least 2 ft of pipe are provided ahead 
of the trap to cool the condensate This permits con¬ 
densate to cool in the pipe rather than in the coil, 
and thus maintains maximum coil efficiency. 

Thermostatic traps are recommended for low 
pressure systems up to a maximum of 15 psi. When 
used in medium or high pressure systems, they must 
be selected for the specific design temperature. In 
addition, the system must be operated continuously 
at that design temperature This means no night 
setback 

Float and Thermostatic Trap 

This type of trap is used to drain condensate from 
blast heaters, steam heating coils, unit heaters and 
other apparatus. This combination trap (Fig 102) 
is used where there is a large volume of condensate 
which would not permit proper operation of a ther¬ 
mostatic trap.. Float and thermostatic traps are used 
in low pressure heating systems up to a maximum 
of 15 psi. 





Fig 100 - Thermostatic Trap, Bellows Type Fig 102 - Typical Float and Thermostatic Trap 

2g> JUt f ™ » ptnmiahm 
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Fig 103 -■ Upright Bucket Trap 

For medium and high pressure systems, the same 
limitations as outlined for thermostatic traps apply 

Upright Bucket Trap 

The discharge of condensate from this trap (Fig. 
103) is inter mittent A differential pressure of at least 
1 psi between the inlet and the outlet of the trap 
is normally required to lift the condensate from the 
bucket to the discharge connection Upright bucket 
traps are commonly used to drain condensate and 
air from the blast coils, steam mains, unit heaters 
and other equipment This trap is well suited for 
systems that have pulsating pressures. 

Inverted Bucket Trap 

The discharge from the inver ted bucket trap (Figs. 
104 and 105) is intermittent and requires a differ¬ 
ential pressure between the inlet and discharge of 
the trap to lift the condensate from the bottom of 
the trap to the discharge connection 

Bucket traps are used for draining condensate and 
air from blast coils, unit heaters and steam heating 
coils Inverted bucket traps are well suited for drain¬ 



Fig 105 — Inverted Bucket Trap With Guide 

ing condensate from steam lines or equipment where 
an abnormal amount of air is to be discharged and 
where dir t may drain into the trap 

Piash Trap 

The discharge from a flash trap (Fig.. 106) is inter¬ 
mittent This type of trap is used only if a pressure 
differential of 5 psi or more exists between the steam 
supply and condensate return. Flash traps may be 
used with unit heaters, steam heating coils, steam 
lines and other similar equipment. 

Impulse Trap 

Under normal loads the discharge from this trap 
(Fig. 107) is intermittent When the load is heavy, 
however, the discharge is continuous This type of 
trap may be used on any equipment where the pres¬ 
sure at the trap outlet does not exceed 25% of the 
inlet pressure. 

Lifting Trap 

The lifting trap (Fig. 108) is an adaption of the 
upright bucket trap This trap can be used on ah 
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Fig. 104 — Inverted Bucket Trap 


Fig. 106 — Flash Trap 
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Fig.. 107 —Impulse Trap 


auxiliary inlet for high pressure steam, as illustrated 
in the figure, to force the condensate to a point 
above the trap This steam is normally at a higher 
pr essure than the steam entering at the regular inlet 

Boiler Return Trap or Alternating Receiver 

This type of trap is used to return condensate to 
a low pressure boiler The boiler return trap (fig 
109) does not hold steam as do other types, but 
is an adaption of the lifting trap It is used in con¬ 
junction with a boiler to prevent flooding return 
mains when excess pressure prevents condensate 
from returning to the boiler by gravity The boiler 
trap collects condensate and equalizes the boiler and 
trap pressure, enabling the condensate in the trap 
to flow back to the boiler by gravity. 

CONDENSATE RETURN PUMP 
Condensate return pumps are used for low pres¬ 
sure, gravity return heating systems.. They are nor¬ 
mally of the motor driven centrifugal type and have 
a receiver and automatic float control Other types 


•HIGH PRESSURE 
INLET 



Fig 108 — Lif ling Trap 



Fig 109 — Boiler Return Trap or Alternating 
Receiver 

of condensate return pumps are the rotary, screw, 
turbine and reciprocating pump., 

The condensate receiver is sized to prevent large 
fluctuations of the boiler water line. The storage 
capacity of the receiver is approximately 1.5 times 
the amount of condensate returned per minute, and 
the condensate pump has a capacity of 2. 5 to 3 times 
normal flow This relationship of pump and receiver 
to the condensate takes peak condensation load into 
account. 

VACUUM PUMP 

Vacuum pumps are used on a system where the 
returns are under a vacuum The assembly consists 
of a receiver, separating tank and automatic con¬ 
trols for discharging the condensate to the boiler 
Vacuum pumps are sized in the same manner as 
condensate pumps for a delivery of 2.5 to 3 times the 
design condensing rate 

PIPING LAYOUT 

Each application has its own layout problem with 
regard to the equipment location, interference with 
structural members, steam condensate, steam trap 
and drip locations The following steam piping dia¬ 
grams show the various principles involved The 
engineer must use judgment in applying these prin¬ 
ciples to the application 

Gate valves shown in the diagrams should be 
used in either the open or closed position, never for 
throttling. Angle and globe valves are recommended 
for throttling service, 

In a one-pipe system gate valves are used since 
they do not hinder the flow of condensate. Angle 
valves may be used when they do not restrict the 
flow of condensate 

All the figures show screwed fittings Limitations 
for other fittings are described in Chapter 1. 


Air Cod dStionja jr Company 


rigurcs 103 thru 109 from Healing Ventilating Air Conditioning Guide 1959 Used by permission 
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Fig. 110 — Connection to Dripped Riser 
Steam Riser 

Figures 110 and 111 illustrate steam supply risers 
connected to mains with runouts The runout in 
Fig 110 is connected to the bottom portion of the 
main and is pitched toward the riser to permit con¬ 
densate to drain from the main This iayoni is used 
only when the riser is dripped. If a dry return is 
used, the riser is dripped thru a steam trap If a 
wet return is used, the trap is omitted 

Fig 111 shows a piping diagram when the steam 
riser is not dripped In this instance the runout is 
connected to the upper portion of the steam main 
and is pitched to carry condensate from the riser to 
the main.. 

Prevention of Water Hammer 

If the steam main is pitched incorrectly when the 
riser is not dripped, water hammer may occur as 
illustrated in Fig 112 Diagram “a” shows the run¬ 
out partially filled with condensate but with 
enough space for steam to pass As the amount of 
condensate increases and the space decreases, a wave 
motion is started as illustrated in diagram "b” As 
the wave or slug of condensate is driven against the 
turn in the pipe (diagram "c”), a hammer noise is 

RISER 



Tig. 111 — Connection to Riser (Not Dripped) 



Fig 112 — Water Hammer 

caused. This pounding may be of sufficient force to 
split pipe fittings and damage coils in the system. 

The following precautions must be taken to pre¬ 
vent water hammer: 

1 Pitch pipes propeily 

2 Avoid undrained pockets 

3. Choose a pipe size that prevents high steam 
velocity when condensate flows opposite to the 
steam 

Runout Connection to Supply Main 

Figure 113 illustrates two methods of connecting 
runouts to the steam supply main The method 
using a 45° ell is somewhat better as it offers less 
resistance to steam flow 

Expansion and Contraction 

Where a riser is two or more floors in height, it 
should be connected to the steam main as shown 



Fig 113 — Runout Connections 
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Fie. 114 — Riser Connected to Allow For 
Expansion 


in Fig, 114., Point (A) is subject to a twisting move¬ 
ment as the riser moves up and down 
Figure 115 shows a method of anchoring the 
steam riser to allow for expansion and contraction. 
Movement occurs at (A) and (B) when the riser 
moves up and down 

Obstructions 

Steam supply mains may be looped over obstruc¬ 
tions if a small pipe is run below the obstruction to 
take care of condensate as illustrated in Fig 116, 
The reverse procedure is followed for condensate 
return mains as illustrated in Fig 117. The larger 
pipe is carried under the obstruction 

Dripping Riser 

A steam supply main may be dropped abruptly to 
a lower level without dripping if the pitch is down¬ 
ward. When the steam main is raised to a higher 
level, it must be dripped as illustrated in Fig 118 



RISER 
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DRAIN 


Fig. 116 — Supply Main Loops 


AIR 



Fig. 117 — Return Main Loop 



Fig 118 — Dripping Steam Main 


1 his diagram shows the steam main dripped into a 
wet return 


figure 119 is one method of dripping a riser thru 



Fig 115 — Riser Anchor 


Fig. 119 — Riser Dripped to Dry Return 



Air Conditioning Company 


Figures 116 thru US from Heating Ventilating Air Conditioning Guide 1959 Used by permission 
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Fig 120 — One Siep Condensate Lift 

a steam trap to a dty return The runout to the re¬ 
turn main is pitched toward the return main.. 

Vacuum Lift 

As described under vacuum systems, a lift is 
sometimes employed to lift the condensate up to the 
inlet of the vacuum pump Figs 120 and 121 show 
a one-step and two-step lift respectively. The one- 
step lift is used for a maximum lift of 5 ft. For 5 to 8 
ft a two-step lift is required 



NOTES: 

1 Flange or union is located to facilitate coil removal. 

2 Flash trap may be used if pressure differential be¬ 
tween steam and condensate return exceeds 5 psi 

3 When a bypass with control is required, see Fig 126. 

4 Dirt leg may be replaced with a strainer. If so tee 
on drop can be replaced by a reducing ell 

5 The petcock is not necessary with a bucket trap or 
any trap which has provision for passing air The 
great majority of high or medium pressure returns 
end in hot wells or deaerators which vent the air. 



Fig. 121 — Two-Step Condensate Lift 


Fig 122 — FIigh or Medium Pressure Coil Pipinc 


Steam Coils 

Figures 122 thru 131 show methods of piping 
steam coils in a high or low pressure or vacuum 
steam piping system. The following general rules 
are applicable to piping layout for steam coils used 
in all systems: 

1 Use full size coil outlets and return piping to 
the steam trap. 

2. Use thermostatic traps for venting only 

3 Use a 15° check valve only where indicated on 
the layout. 

4. Size the steam control valve for the steam load, 
not for the supply connection 

5. Provide coils with air vents as required, to 
eliminate non-condensable gases. 

6 Do not drip the steam supply mains into coil 
sections. 


Figures 120 and 121 from Heating Ventilating Air Conditioning Guide 1959 Used by permission 
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NOTES: 

1 Flange or union is located to facilitate coil removal 

2 When a bypass with control is required see Fig 126 

3 Check valve is necessary when more than one unit 
is connected to the return line 

4 Dirt pocket is the same size as unit outlet. If dirt 
pocket is replaced by a strainer, replace tee with 
a reducing ell from unit outlet to trap size 

Fig. 123 — Single Coil Low Pressure Piping 
Gravity Return 


7 Do not pipe tempering coils and reheat coils 
to a common steam trap 

8 . Multiple coils may be piped to a common 
steam trap if they have the same capacity and 
the same pressure drop and if the supply is 
regulated by a control valve. 

Piping Single Coils 

Figure 122 illustrates a typical steam piping dia¬ 
gram for coils used in either a high or medium 
pressure system. If the return line is designed for 
low pressure or vacuum conditions and for a pres¬ 
sure differential of 5 psi or greater from steam to 
condensate return, a flash trap may be used 

Low pressure steam piping for a single coil is 
illustrated in Fig 12.3 This diagram shows an open 
air relief located after the steam trap close to the 
unit This arrangement permits non-condensable 
gases to vent to the atmosphere 

Figure 124 shows the piping layout for a steam 
coil in a vacuum system. A 15° check valve is used to 
equalize the vacuum across the steam trap 



NOTES: 

1 flange or union is located to facilitate coil removal 

2 When a bypass with control is specified, see Fig 126 

3 Check valve is necessary when more than one unit is 
connected to the return line 

Pic 124 — Vacuum System Steam Coil Piping 



NOTES: 

1 A bypass is necessary around trap and valves when 
continuous operation is necessary 

2 Bypass to be the same size as trap orifice but never 
less than i/ 2 inch. 

Fig 125 — Dripping Sieam Suppl y to Condensate 
Re t urn 


Ail Conditiorting Company 






3-100 


P4RT 3 PIPING DESIGN 



NOTES: 

1 f lange or union is located to facilitate coil removal. 

2 A bypass is necessary around valves and strainer 
when continuous operation is necessary 

3 Bypass to be the same size as valve port but never 
less than i/ 2 inch. 

Fig 126 — Bypass With Manual Control 

Dripping Steam Supply Main 

A typical method of dripping the steam supply 
main to the condensate return is shown in Fig 125 



NOTES: 

1 Flange or union is located to facilitate coil removal 

2 To prevent water hammer, drain coil before admit¬ 
ting steam. 

3 Do not exceed one foot of lift between^trap discharge 
and return main for each pound of pressure differ¬ 
ential 

4 Do not use this arrangement for units handling 
outside air 

Fig 127 — Condensate Liti to Overhead Return 



NOTES: 

1 Flange or union is located to facilitate coil removal 

2. When bypass control is required, see fig 126. 

3 Flash trap can be used if pressure differential be¬ 
tween supply and condensate return exceeds 5 psi 

4 Coils with different pressure drops require individual 
traps This is often caused by varying air velocities 
across the coil bank 

5 Dirt pocket may be replaced by a strainer If so, tee 
on drop can be replaced by a reducing ell 

6 The petcock is not necessary with a bucket trap 
or any trap which has provision for passing air The 
great majority of high pressure return mains termi¬ 
nate in hot wells or deaerators which vent the air. 


Fig. 128 — Multiple Coil High Pressure Piping 

Steam Bypass Control 

Frequently a bypass with a manual control valve 
is required on steam coils. The piping layout for a 
control bypass with a plug type globe valve as the 
manual control is shown in Fig 126 

Lifting Condensate to Return Main 

A typical layout for lifting condensate to an over¬ 
head return is described in Fig 127 The amount 
of lift possible is determined by the pressure dif¬ 
ferential between the supply and return sides of the 
system The amount of lift is not to exceed one foot 
for each pound of pressure differential. The maxi¬ 
mum lift should not exceed 8 ft 
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NOTES: 

1 flange or union is located to facilitate coil removal. 

2 See Fig. 131 when control valve is omitted on multi¬ 
ple coils in parallel air flow. 

3 When bypass control is required, see Fig 126 

4 Coils with different pressure drops require individual 
traps. This is often caused by varying air velocities 
across the coil bank 

Fig 129 - Multiple Coil Low Pressure Piping 
Gravity Return 


Piping Multiple Coils 

figures 128 thru 111 show piping layouts for high 
pressure, low pressure and vacuum systems with 
multiple coils If a control valve is not used, each 
coil must have a separate steam trap as illustrated 
in Fig 151. This particular layout may be used for 
a low pressure or vacuum system 

If the coils have different pressure drops or capaci¬ 
ties, separate traps are required with or without a 
control valve in the system 

Boiler Piping 

Figure 132 illustrates a suggested layout for a 
steam plant This diagram shows parallel boilers 
and a single boiler using a ‘ Hartford Return Loop.” 



NOTES: 

1 Flange or union is located to facilitate coil removal. 

2 See Fig 131 when control valve is omitted on multi¬ 
ple coils in parallel air flow 

3 When bypass control is required see Fig 126 

4 Coils with different pressure drops require individual 
traps. This is often caused by varying air velocities 
across the coil bank 

FTc 130 — Multiple Coil Low Pressure Vacuum 
Sysiem Piping 

FREEZE-UP PROTECTION 

When steam coils are used for tempering or pre¬ 
heating outdoor air, controls are required to pre¬ 
vent freezing of the coil 

In high, medium, low pressure and vacuum sys¬ 
tems, an immersion thermostat is recommended to 
protect the coil This protection device controls the 
fan motor and the outdoor air damper The immer¬ 
sion thermostat is actuated when the steam supply 
fails or when the condensate temperature drops 
below a predetermined level, usually 120 F to 150 F. 

I he thermostat location is shown in Fig. 133.. 

The 15° check valve shown in the various piping 
diagrams provides a means of equalizing the pres¬ 
sure within the coil when the steam supply shuts off. 
This check valve is used in addition to the immer¬ 
sion thermostat The petcock for continuous vent¬ 
ing removes non-condensable gases from the coil 
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NOTE: flange or union is located to facilitate coil 
removal 


Jig. 131 — Low Pressure or Vacuum Sysiem 
Steam Traps 

Non-condensable gases can restrict the flow of con¬ 
densate, causing coil freeze-up 

On a low pressure and vacuum steam heating 
system, the immersion thermostat may be replaced 
by a condensate drain with a thermal element 
(fig 134) The thermal element opens and drains 
the coil when the condensate temperature drops 




NOTE: Immersion thermostat is for control of out¬ 
door air dampers and fan motor. Thermostat 
closes damper and shuts off fan when con¬ 
densate temperature drops below a predeter¬ 
mined level 

Fig 133 - Freeze-up Protection f or FIigh, Medium, 
Low Pressure, and Vacuum Systems 

below 165 F. Condensate drains are limited to a 

5 lb pressure. 


CONDENSATE 

OUT 



NOTE: Condensate drain drains coil when condensate 
temperature drops below' a predetermined level 


Fig 132 — “Hartf ord” Return Loop 


Fig 134 - Freeze-up Protection for Low Pressure 
and Vacuum Systems 
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The following are general recommendations in 
laying out systems handling outdoor air below 35 F; 

T Do not use overhead returns from the heating 
unit. 6 

2. Use a strainer in the supply i; ne to avoid col . 
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lection of scale ot other foreign matter in 
distributing orifices of nonfreeze preheater 

3 Refer to Part 2, Chapter 1, -Preheat Coils- 

and Part 6, Chapter 4, ■ Coil Ireeze-Up P 0 ! 
tectron.” ^ u 
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